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Research has established that traditional linear, didactic 
approaches to teaching through lecturing are at best only 
tenuously connected to the ultimate aim of achieving 
competency. In order for classroom instruction to become 
relevant and meaningful, the process of learning must be 
motivating and exciting, and the basis of learning should be 
focused on discovering and not memorizing or regurgitation. 
We believe a guided discovery process is the most effective 
way to convert a passive classroom lecture into an engaging 
active learning experience. 
 
Scenario Based Learning (SBL) is an effective approach that 
provides an excellent framework for active learning.  It offers 
an effective way of engaging learners and building competency 
mastery. This paper describes the initiatives currently underway 
at Cal Poly Pomona to develop and implement SBL approach 
to teach major concepts in basic freshmen and sophomore level 
engineering courses. 
 




The predominant delivery method to engineering education 
today is a didactic, passive approach using lectures and 
textbooks.  In this method, students rigidly follow the material 
in the textbook chapter-by-chapter.  Test and homework 
problems are modeled after the problems found in the textbooks 
offering little variation.  Currently, the basic engineering 
subjects such as mechanics (statics, dynamics, etc.) are taught 
using popular textbooks.  These textbooks are well written, 
cover enormous amount of material, and serve as excellent om: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Useresource materials.  Most of the problems in the textbooks are 
well defined, with parameters clearly indicated.  However, 
researchers [1-5] assert that rather than didactic textbook 
problems, complex problem solving environments are critical 
for learning and the application of those skills.  Didactic 
instructional approaches are less effective and engaging than 
methods involving more constructivist approaches.  
Furthermore, engineers must apply their knowledge in complex 
situations that extend far beyond the borders of the classroom.   
 
Engineering in the real world is more than number crunching.  
It involves making decisions such as making the appropriate 
assumptions, model simplification, material/size selection, cost 
analysis, etc.  As a result, with the current lecture approach, 
students may learn to solve problems and follow preset rules 
for a well-defined problem but lack the ability to transfer that 
learning into additional situations.  In particular, they may fail 
to see the connection between solving a problem 
mathematically and real-world engineering application.  
Following the tenets of constructivism, we believe learning can 
be engaging, meaningful, and persistent if the joy of discovery 
and learning context is incorporated into the instructional 
method.  While covering material is very important, we feel 
“uncovering,” or constructing, a concept or skills is far more 
important.  In this way, we intend to create active learning 




Scenario Based Learning [6-8] (SBL) is an effective approach 
that provides an excellent framework for active learning.  
Similar to case-based instruction, SBL utilizes an authentic 
context in which the problems are presented in certain sequence 1 Copyright © 2004 by ASME 
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Downloand choices offered that enable the learner to reach an outcome.  
Unlike case-based [9-10] instruction however, SBL generally 
adheres to a performance improvement imperative rather than 
the acquisition of knowledge and skills.  Furthermore, SBL 
enables the system to present new scenarios and outcomes 
based on what a user selects.  As with any constructivist 
approach, mistakes are an integral part of the learning process.  
In SBL mistakes inform the system which adapts thereby 
prompting the learner to make better choices in the future.   
 
SBL is based on the understanding that in order for a learner to 
acquire and retain skills & knowledge, the learner must be 
placed in a scenario where his/her decisions affect, or alter 
subsequent events leading to new events, just like in real life.  
In real life, we are presented with choices everyday; some 
good, some bad, some ok, and some irrelevant.  Choices we 
make improve, deteriorate our current situation, or, make no 
difference.  In this way, SBL is a form of experiential learning.  
 
In the SBL context, a scenario is a realistic situation where a 
sequence of events is presented and possible choices allow the 
learner to reach an outcome.  Learning occurs when the user 
goes through the scenario and is guided to discover principles 
and develop critical competencies.  Information and reference 
modules are presented in context when required or requested.  
Mistakes can be made and the resulting scenario will allow the 
user to make subsequent decisions.  Learning still occurs if a 
user takes a wrong path all the way through.  Thus learning 
becomes an experience and not blindly following a set of rules, 
or learning by rote.  Fig. 1 shows an example of a SBL model 
showing how a scenario branches into various possibilities. 
 
Our premises for using SBL area as follow: 
• Reality is the ultimate and best learning experience. 
• Learning must be fun and enjoyable like playing a 
favorite sport just as in real life. 
• Learning must allow for mistakes.  No one has ever 
learned anything without doing mistakes.  However, 
the current teaching methodologies do not allow for 
any mistakes and look for one correct answer.  This 
popular approach is too simplistic and doesn’t reflect 
the reality. The better approach is to let the students 
make mistakes and learn from them. 
• Real learning occurs when we can immerse ourselves 
in a situation in which we are forced to perform, get 
feedback from our environment, and given chances to 
correct or adjust our responses.  
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Figure 1 – SBL Model Example 
 
Scenario-based learning has similarities with project-based 
learning [11], but has some important differences.  The closest 
approach to scenario-based learning is the story-centered 
curriculum championed by Robert Shank [2,3] from Carnegie 
Mellon University (CMU) and Kieran Egan [12-13].  CMU 
West is applying this concept to the development of a six-unit 
network security course. Egan’s approach is adopted in various 
forms at elementary and high school level.  Thus the concept of 
SBL is not new.  However, its application has been very limited 
and mostly applied to business courses to analyze what if 
scenarios.  However, SBL has not been adopted or applied 
systematically to teach basic engineering courses.   
 
A number of research studies point to the efficacy of using such 
an approach.  Below, results from a National Training 
Laboratory study support the effectiveness of “learning by 
doing” and “teaching one-to-one.”  Results of this study (Refer 
Fig. 2) show that knowledge retention is superior when such 
methods are used compared to more common methods of 
instruction, such as lecture, including use of audio/video, 
demonstration, or even discussion groups.   
 
 
Figure 2 – Knowledge Retention Study [8] 2 Copyright © 2004 by ASME 
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COURSE, EGR111A 
For an incoming freshman, beginning of his/her college life can 
be an exciting but challenging experience.  Some of these 
challenges may include: displacement from home, lack of 
friends, tough course work, and unfamiliar environment in 
general.  The Maximizing Engineering Potential (MEP) 
program at Cal Poly Pomona recognized the difficulties that the 
freshmen face, and has designed a sequence of freshmen 
classes to help the students deal with the problems mentioned 
above.  One of these classes is the Freshmen Orientation 
(EGR111/A), to be taken during the winter quarter of the 
freshmen year.  As the middle course in a sequence of three, the 
EGR111/A course consists of a one-hour lecture (EGR111) and 
a two-hour activity session (EGR111A).  In the lecture portion 
of the course, a different guest speaker from industry is invited 
each week to talk to the students on what real engineering is all 
about.  In the activity session, students are grouped in teams to 
participate in different design projects.  This paper will focus 
on the activity portion of the course (EGR111A).   
 
Some of the past and current projects in EGR111A include 
construction of a bell tower with the minimum cost using bond 
paper and paper boards, building of a bridge using popsicle 
sticks and glue, and designing and building a catapult using 
available material. In fall of 1998, the Robotics Invention Kit 
was introduced to the market by the LEGO group, and the kit 
was incorporated into the class, during the winter quarter of 
1999.  
 
From 1999 to 2003, format of the Lego section of EGR111A 
was “project-oriented”:  the students were separated into teams; 
a common project is assigned to each team; a Lego Robotics 
Kit was loaned to each team.  From 1999 to 2001, the project 
was to design, build and program a “smart car” so that the car 
will maneuver itself through an obstacle course [14].  In 2002 
and 2003, the project was constructing a robot that will pass an 
endurance test, a speed test and a force test.  The students are 
restricted to use only parts available in the Robotics Kit to 
construct their project.  The tasks assigned throughout the 
quarter include progress reports and technical reports, video 
documentation of the design/construction process, drawings, 
oral presentations, and a competition at the end of the quarter. 
 
 
Figure 3 – Possible Design Paths for the “Smart Car” project 
 
The goal of this project-based class is to let the students 
experience some of the “real” aspects of engineering that is 
otherwise difficult to teach in a lecture-format class.  These 
include the importance of teamwork, writing reports, and going 
through the iterative designing/constructing/testing process  
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several times. Fig. 3 shows the possible design paths that the 
student can take for the smart car project.  However, there are 
other aspects of real-life engineering that are missing from the 
project-format, they are: 
  
• Due to the nature of the Lego pieces, it is very easy to 
allow rapid iterations and design changes.  Oftentimes, 
the students are too busy taking the pieces apart and 
putting them back together without actually evaluating 
the benefits of a new design.  This turned the iterative 
design-construct-test process quickly into an iterative 
construct-test-reconstruct process with the design 
aspect missing.  Moreover, drawing of the model, 
which is supposed to be at the beginning of the design 
process, turned out to be at the end where it turns into 
a process of sketching the final prototype. 
• The Robotics Kit has over 700 parts.  For the projects 
assigned, most teams only used about 100 pieces or 
less.  This means an excess of over 600 parts at the 
students’ disposal.  In real world practices, availability 
of parts is more often scarce than plentiful.   
• Due to the fact that the Robotics Kit only contains two 
motors, 1 light sensor and two touch sensors, in 
addition to a strict specs definition, design options 
become limited as shown in Fig. 3. 
• By monitoring the students through a series of reports 
(oral, written, video), this class places still too much 
emphasis on grades because the students’ grades are 
directly associated with the reports.  However, in real 
life, a project either wins or loses.  It is the final result 
that counts.  Even if the company gets an excellent 
review with the project’s 25% progress report, 50% 
progress report or the 95% progress report, does not 
mean that the project will be finished or successful.  
The emphasis of the course should be more on the 
learning experience rather than the grade. 
 
To resolve some of the issues mentioned above, changes were 
made when the course was taught this winter quarter (win’04).  
SBL format was employed to replace the project-based format 
for the class.   
 
First, a story was created:  
A company is calling for the design and construction of a robot 
prototype that will transport cargos between two destinations.  
Students are separated into teams that represent competing 
design teams.  Each design team is to produce the preliminary 
design and prototype using Legos.  Instead of loaning a 
Robotics Kit to each team, each team was provided with some 
common pieces: 3 motors, 2 light sensors, 2 RCX units, 
connecting cables, and the software.  The design requirements 
specify that the preliminary prototype needs to trace a black 
line from destination A to B. When the robot reaches B, it 
needs to pick up candies in a container, then turn around and 
retrace the black line back to A and drop the candies.  The 
design of the robot needs to utilize both RCX units provided.  
Then, students need to generate a design using Lego CAD [15] 
acquire additional parts by requesting them from headquarter, 
and then construct the legos. The entire project is then phased 
just as a real project is, and is described below: 3 Copyright © 2004 by ASME 
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At the planning phase:  
Students are told to split into teams, select a project manager, 
and assign tasks to each member of the team.  Specific tasks 
include CAD work, engineering design, and programming are 
assigned.  Each team member may be assigned a single task or 
multiple tasks.  For example, a PM may both manage a project 
and program the robot.  Billing rates are assigned to each task:  
$300/hr for PM, $75/hr for CAD, $100/hr for programming and 
$150/hr for engineering.  A timesheet is kept for each team 
member that tracks the hours that they have spent on each task.  
The timesheets are included in the final report. 
 
At the design phase:   
Students were instructed to first design/draw their preliminary 
design using a Lego CAD software, shown in Fig. 4.  Then, 
based on the parts used in the drawing, the students acquire 
parts by filling out a requisition form.  Each part is assigned a 
dollar figure and the total cost of the parts will be a part of the 
final cost.  The parts are limited to stock on hand.  The 
requisition form is submitted every Monday, and the parts will 
be delivered the same Wednesday.  At end of this phase, 
students need to submit a CAD drawing, a summary of parts, 
and submit a parts requisition form. 
 
 
Figure 4: Lego CAD software, mlcad 
 
At the construction phase:   
Students can only use parts that they have acquired.  At this 
stage, students construct the robot, program the RCX unit to 
work with the hardware, update the design if necessary, redo 
the CAD drawing and resubmit a requisition form, and repeat 
the whole process if necessary. At the end of the phase, 
students need to submit a progress report, and the prototype is 
reading for the competition. 
 
At the competition phase:   
Competition is held at the last day of class.  Before each team 
demonstrates its robot, an oral presentation is given.  A final 
report is required.  The report must include documentation of 
the design process, discussion and conclusion, a copy of the 
program, a CAD drawing(s) showing the design, timesheets, 
part requisition forms, total cost for the project (both parts and 
labor), and possible improvements. Samples of Lego Cad 
drawing and requisition form are shown in Fig. 5. 
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Figure 5: Sample drawing and requisition form 
 
Grading:  
The students’ grades are determined by the written reports, oral 
presentation and competition results.  However, instead of 
receiving a separate grade for each assignment, each 
assignment that students have turned in is saved in a portfolio.  
Emphasis of a student’s final grade is placed first on the 
success of the prototype, then, on the total cost of the project, 
and last, the quality of the reports.  This breaks away from the 
traditional way of assigning grade based of percent distribution 





Figure 6: Possible design paths for Robot using SBL approach. 
 
As indicated in Fig. 6, possible design paths that each team 
could have chosen have increased with the EGR111A 
reformatted using the SBL approach.  Other improvements in 
terms relating the course to a real work environment include: 
 
• Engineering economics aspects of the project is 
introduced when the students have to account for labor 
and parts costs. 
• Students must redesign the robot using Legocad to 
determine which parts to purchase; therefore, the 
design iterative sequence of design/construct/test/ 
redesign is preserved. 
• Inherent restrictions are in place in the design process 
such as the availability of parts and construction delay 
due to time delay between drawing, turning in 
requisition form, and delivery of parts.  However, at 
the same time, limitation on design due to limited 
quantity of certain parts in a single Robotics Kit is 
reduced because the stocks available include parts 4 Copyright © 2004 by ASME 
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each team to look for new ideas instead of relying on 
the old. The abundance of parts also allow the students 
to do more complicated designs, such as using motors, 
linkages and gears in a robotic arm design. 
• Since no intermediate grades were given in mid 
quarter, students are more motivated to deliver a 
working final product at the end of the quarter. 
 
 
Figure 7: The winning robot, Spr’04 
SBL IN STATICS 
Following is an example on how the topic vector can be 
introduced. Although this example is not a fully developed SBL 
model, this approach does indicate that introducing vectors in 
this way is better than giving a definition. 
 
Which would you rather do? 
Option 1 (Traditional) Option 2 
Here! Read the definitions and 
solve the problem at the back 
of the book. 
Definition 1:  A vector is a 
physical quantity that has a 
direction and magnitude. 
 
 
In this interactive story, you 
will play the character role 
Bob. You are at a rest area 
and it is getting dark. Your 
car is low on gas. The rest 
areas have a very detailed 
street map of the area.  
Task: 
Your task is to draw ways to 
various gas stations showing 
the distances and find the 
nearest gas station.  
Scenario Continued: 
Option 1 is a traditional “lecture-test” format.  Option 2 doesn’t 
even talk about vectors but presents a scenario.  In option 2, 
most students will draw straight-line segments showing the 
distances to various gas stations from where they are, or they 
may write down something like 3 blocks north, 2 blocks east 
etc.  Obviously they have used vectors in their own way.  What 
is needed now is to introduce some notation (such as showing 
the arrow to indicate the direction) and naming convention to 
assure consistency.  At this point, the mystery of vectors is 
gone and it becomes easy for them to see vector as something 
they know intuitively and use it in everyday life.  This example 
doesn’t cover all aspects of vector algebra but it has succeeded 
in uncovering the concept, vector.  Once a concept is 
uncovered, it is a lot easier for educators to introduce some 
“real” math as a matter of necessity and consistency, and 
students are more willing and open. Although this example is 
not a fully developed SBL model, this simplistic approach does  
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indicate that introducing vectors in this way is better than 
giving a definition. 
A scenario-Based Learning Activity: 
Hyatt Skywalk Tragedy Scenario 
News article from Kansas City Star – [16] 
“Hyatt was a popular Kansas City nightspot, especially on 
Fridays, when an orchestra played for 1940s-era tea dance 
contests. At 7:05 p.m. on July 17, 1981, two 120-foot-long 
walkways tore loose from their suspension rods, dumping 65 
tons of concrete, metal, glass, and dance spectators onto 
hundreds of people below. Dozens of victims pinned, dying 
beneath the debris. Bodies cut in half. Broken necks, broken 
backs, severed limbs and shattered lives.  That tragic night, 111 
persons died, including 18 pairs of husbands and wives. Of the 
200 injured, three died weeks or months later, pushing the 
death toll to 114.  
 
Twenty years later, the Hyatt skywalk tragedy remains the 
nation's worst structural failure disaster. It triggered 
multimillion-dollar lawsuits, taught engineering schools a 
terrible lesson about design flaws and marked a beginning point 
nationally for treating the psychological scars of rescue 
workers. Boarded up during repairs, the Hyatt reopened 75 days 
later -- but without skywalks and without a plaque or other 
memorial marking what had happened. Today, those who 
witnessed that horrific night say it changed their lives forever. 
They can never forget it. And neither will Kansas City.”  
 
Your Task: 
Jack Gillum, who was in-charge of the $50 million Hyatt 
Project said in an interview that any first-year engineering 
student could figure it out.  
 
Your task as an engineering student is to investigate this 
incident and follow through the scenarios presented. Your 
assignment requires review of several concepts. 
Students start with this scenario and go thorough an interactive 
session of choosing appropriate responses and finding out the 
results of responses. Based on options chosen, students will be 
directed through a guided discovery process during which they 
would perform several tasks including: 
• Finding the building code and checking if Hyatt 
Skywalk met the building codes 
• Analyzing the drawings 
• Estimating the load on skywalk and the suspension 
rods 
• Drawing free body diagrams of original and modified 
design 
Furthermore, students are led through scenarios and outcomes 
that deal with popular notions such as the cause of disaster was 
vibration induced by the dancers and/or the design change that 
doubled the load on the box beams. At every step of the 
decision making process, students can access any reference 
material.  
Current Topics: 5 Copyright © 2004 by ASME 
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SBL modules to teach: 
• Vectors, Equilibrium of bodies, Free Body Diagrams 
• Structural analysis 
• Frames and machines 
• Centroids and CG and Distributed loads 
• Friction (Belts, Wedge) 
Discussion: 
With the SBL approach, a well-designed scenario will integrate 
several concepts simultaneously.  One of the experiences that 
have been developed includes collecting/estimating real data to 
respond to a need. An example of this experience involves 
visiting a construction site (such Habitat For Humanity14), 
where students would estimate the wind load on a structure 
(roof truss).  With this example, estimating wind load (deals 
with calculating the distributed forces), applying these forces 
on the truss appropriately (equivalent forces) and performing 
truss analysis, cover three different topics traditionally taught 
in different chapters. This approach makes it possible to more 
closely approximate the complexity of an authentic 
environment.  As a result, students will be better prepared to 
apply this information in realistic settings. 
 
CONCLUSION 
As indicated in the body of this paper, in the Mechanical 
engineering department at Cal Poly Pomona, SBL approach is 
used as method of instruction in several classes.  They include a 
freshmen orientation class and an engineering core class 
(statics).  Based on student feedback, our initial efforts in 
applying SBL approach indicate increased learner interest in 
the subject. We believe that this approach will lead to increase 
of knowledge retention.  We are in the process of developing 
assessment methods that will measure degree of knowledge 
retention with/without SBL approach.   
 
SBL is most suited for a performance improvement purpose 
rather than specific knowledge acquisition.  Therefore, 
limitation of SBL is that it may not be possible to develop 
meaningful scenarios for all topics in a technical course, and 
hence, SBL should be used primarily to engage students to 
apply knowledge that they already have.  This will form a basis 
for students to learn and retain new knowledge and 
experiences.  In addition, developing good scenarios can be 
difficult and time-consuming. 
 
Scenario-based learning is an instructional model that places 
learners rather than instructors at the heart of the learning 
experience.  By utilizing a “learn-by-doing” model, SBL 
enables the learners to practice critical competencies in a safe, 
but lifelike setting.  Through virtual coaching, learners can be 
guided to make sound judgments, by integrating and applying 
the skills, rules, procedures, principles and concepts in an 
optimal way, given context and typical real-world tradeoffs.  As 
learners gain proficiency, they can practice these competencies 
unaided by the instructors.  Learners can have access to 
resources within the simulation accessible through guided 
discovery.  Those resources can be a combination of reference 
materials, applications, or even e-Learning modules.  The 
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resources then can be used as aids in navigating through a 
scenario to achieve the desired outcome.  
REFERENCES 
1. Wiggs, G., and McTighe, J., 2001, Understanding by 
Design, Merill Prentice Hall, 2001. 
2. Schank, R., 2001, Designing World-Class E-Learning: 
How IBM, GE, Harvard Business School and 
Columbia University Are Succeeding At E-Learning, 
McGraw-Hill Trade. 
3. Schank, R., and Morson, G., 1995, Tell Me a Story: 
Narrative and Intelligence (Rethinking Theory), 
Northwestern University Press. 
4. Kolb, D., 1984, Experiential Learning, Prentice Hall.  
5. Alcorn, C., 2003, Improving Students Knowledge 




6. Mariappan, Shih and Schrader, 2004, Scenario-Based 
Learning Approach in Teaching Statics, ASEE 
National Conference Proceedings, Salt Lake City, UT. 
7. Elmore, B., Mariappan, J., and Hays, G., 2003, 
Improving Performance through Simulation - A 




8. Elmore, B., Mariappan, J., and Hays, G., Scenario-
based Learning vs. Role Plays and Case Studies, 
Experia Solutions White Paper, 2003, Available at, 
http://206.29.89.105/explearn/weblayout/doc/WhitePa
per3.pdf 
9. Jonassen, D. H., and Hernandez-Serrano, J., 2002,  
Case-based reasoning and instructional design: Using 
stories to support problem solving.  Educational 
Technology Research and Development, 50 (2), 65-77. 
10. Greeno, J. G., Collins, A. M., and Resnick, L. B., 
1996, Cognition and learning. In D. Berliner & R. 
Jonassen, D. H., & Hernandez-Serrano, J., 2002, Case-
based reasoning and instructional design: Using stories 
to support problem solving, Educational Technology 
Research and Development, 50 (2), 65-77 
11. Project Based Learning Handbook, 2003, Buck 
Institute for Education 
12. Egan, Kieran, 1989, Teaching as story telling, The 
Univ. of Chicago Press.  
13. Egan, Kieran, 1992, Imagination in teaching and 
learning, The Univ. of Chicago Press. 
14. Shih, A.C. and Hudspeth, M.C., 2001, “Using the 
Lego Robotics Kit as a Teaching Tool in a Project-
based Freshman Course”, ASEE National Conference 
Proceedings, Albuquerque, NM. 
15. http://www.lm-software.com/mlcad 
16. McGuire, D., Kansas City Star, 2001, website url:  
http://www.kcstar.com/projects/hyatt/main.html 
 
6 Copyright © 2004 by ASME 
: http://www.asme.org/about-asme/terms-of-use
